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Foreword

The contract research reported here was conducted under DA Projectl
1J062110A585, Biological Research on the Protection uf Materiel from
Insects, Rodents and other Animals, Task 01, Factors Involved in Pre-
venting Deterioration., It is a part of continuing studies on the

sensory physiolegy of insects and rodents.

The research was concerned with the roles of taste and odor in the
discrimination of repellent and attractive substances by the rat. A
related purpose was to develop methodology for e¢valuating repellent
effectiveness based on the effects of chemicals on the taste and odor

Senses.

Although this report represents the final report of Contract DAA6-17-67-
C-0070, it includes data and discussions from two previous contracts:
DA-19-129-AMC-386 (N) with the University of Massachusetts, and
DA-19-129-AMC-691 (N) with Tufts University. It is logical, therefore,

that this is an integrated report based on the results of the 3 contracts.

Mr. Theodore Nalwalk designed and constructed the flow systems and most
of the apparatus used in this research. Miss Jacqueline Walthers and

Mr. Frank Gordon assisted in the surgical and histological experimenis.

In conducting the research described in this report, the investigators
adhered to the "Principles of Laboratory Animal Care as Established by

the National Society for Medical Research'.

JOHN J, PRATT, JR., Head
Applied Entomology Group
Pioneering Research Laboratory
Project Officer
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AYSTRACT

The mode of action of rat repellents was investigated in'a series

of experiments concerned with food consumption, olfactory sensitivity

and discrimination, adaptation and habituation, and performance, A

variety of chemical répellents were used both in the animal's food and

in the air., Comparisons were also made among laboratory strains

and the Norway rat (both wild and tame), with and without.lesions in
the olfactory bulb. It was concluded that the odor of a chemical makes
little or no contribution to the repéllency of a chemical or to its value
as a deterrent except when it has a signalling value from association
with a painful taste or when it is a novel stimulus, Additional con-

clusions relate to methodology for testing the effectiveness of repel-

lents, theory, and needs for future research,
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Introduction -

Rodent control takes the form of repellents or of toxicants.
The logic is different for these two approaches since repellency re-
quires an insult to the senses of the animal whereas poisoning requires
either neutrality or an appeal to the senses in order tc lure the
animal to accept the 'bait. Even though the logics are different, both
approaches have certain common problems associated with their
evaluation and their effectiveness. Among these are questions of

learning, physiological adaptations, and psychological habituations.

The: usual purpose of a rat repellent is that of keeping rats at a
distance from a to-be-ﬁfotected materfal or place. For the repellent
to'f't"mction'this wiy, it must have a volatility sufficient fox it to be
de&:cted and responded to as an aversive at the desired distance.
Unfortunately, the greater the volatility, the —shorter the life of the
chemical, Optimal volatility, then, is a function of olfactory sensitivity
and the aversiveness of the odor to the animal. The problem is not |
really as simple as that statement makes it appear, however, since

it can be expected that olfactory sensitivity will decrease with continued
exposure to the odor and aversiveness may decrease with both con-

tinuous and intermittent exposures.

The problem is further complicated by the fact that volatile sub-
stances probably act upon more than olfactory receptors. They act
upon pain fibers in proximity to the olfactory receptors (Tucker, 1963),
upon taste receptors via transmission of the substance to the mouth, and‘
upon receptors in the skin and eyes serving the senses of touch, tempera-
ture, and pain. Available repellents take advantage of this by attacking
pain fibers iﬁ the skin, eyes, and mucosa. However, the effectiveness of
these repellents still depends upon phenomena of adaptation and habituation
which determine the sensitivity and the aversiveness of the chemical.

In addition, it is reasonable to suppose that there are degrees of
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acceptance of pain by the rat which depend upon such conditions as
state of hunger and the availability of other food sources.

A repelient of low volatility has a long life, but it pern'ﬁts the
animal a closer approach to the protected substance. Since it depends
for its effectiveness on the production of pain in the mouth or later in
the digestive system, this kind of repellent requires thai the animal
bite or taste it; the result is damage to the repellent, itself, and a
subsequent loss of effectiveness as successive animals make the same
kind of attack., Another weakness of low volatility chemicals is that
other animals, or people, may also make contact with it. The purpose
of volatility, therefore, appears to be twofold, i.e., that of repelling
via inspiration or skin contact and that of warning., For these reasons,
the distance or "odor' effects of the chemical appear to be more
important to study than those effects associated with actual tasting or
consui’nption. Our research was oriented largely in this direction,
therefore, although attention was given to problems associated with

ingestion as well.

All repellents in use appear to be acute toxicauts used at less than
lethal concentrations, An important control question was the possible
lethality produced by continued consumption of these chemicals at
levels which were repellent, but not toxic. Since no ininrmation was
available about continued consumption, Experiment { was carried
out (Teichner, Wagner, & Rountree, 1966). The experimental con-
ditions of greatest relevance are shown in Table 1. As may be seen
11 groups of rats were put on a feeding regime in which the indicated
chemicals were mixed into their diet at the concentrations shown.

All were albino rats except three groups which were a hooded strain.
There were five animals per group, all about four months old at the
start, all male. The feod used (Purina Chow) was their normal diet

prepared in the form of a wet mash. The animals were fed in

-2 -
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TABLE 1

Experimental Conditions of Phases II and

IV, Experiment [¥*

Test Retest
concentration concentration
~_ : (ppm) (ppm)
Group Repellent Phase II "Phase IV
1 None (control group)
2 Acti-dione: B-2-(3,5-dimethyl-
2-oxocyclohexyl)~
2-hydroxyethyl 2.5 2,5
glutarimide 5.0 5.¢
o i 20.0 20.0
3 - L[] .
HREA0IceE 20.0 1000. 0
4 Acti-dione 40,0 1000. 0
5 Car-Ban T.A.: Tributyltin acetate
6 Car-Ban T. A.
7 TNBAC Trinitrobenzene
aniline complex 500.0 500. 0
8 TNBAC 1000. 0 1000.0
20.0 1002, 0
9% Car-Ban T. A. 5.0 5.0
10% Acti-dione 20.0 20.0
11+ Acti-dione

*Groups 9, 10, and 11 were hooded rats.

**Adapted from Teichner, Wagner, and Rowntree (1966)

A =

All others were albinos.




individual chambers once a day and allowed no other food. This regime
was maintaired for 26 days prior to Phase II of Table 1 at which time the
food was contaminated. This was followed by a 9-day period of unconta-

minated food and then by a second period of contaminated food (Phase IV).

Some of the concentrations presented were at the LD-50 for single
consumption; it was expected, therefore,- that some animals would not
survive, Figure 1 presents the number per 5-animal group which did not
survive and the portion of the experiment in which they died. As may be

seen there were considerable differences between strains and between con-

centrations.

Figure 2 shows the consumption of contaminated food compared to
that of uncontaminated food when the chemical used was acti-dione. Only
those animals which survived the entire experiment were included. The
figure shows a marked initial reduction of food intake followed by a system-
atic recovery, This is true in both phases although there is some sugges-
tion that the initial reduction in Phase IV may have been the lesser one.

In both cases, the amount of food eaten increased systematically within

each phase until at the end of the phase food consumption was at least 60
per cent of that of the control group or of the prior uncontaminated level.
These data are clear in showing that those rats which survive do so by re-
gulating their food intake systematically to the point where they can accomo-

date levels of a contaminant which are otherwise lethal.

For present purposes, the greatest interest in the results of Experi-
ment I is that: (1) a chemical may be defined as a repellent if, when mixed
with a normal diet, it produces a reduction of normal food consumption; pre-
sumably, the greater the reduction, the more repellent the chemical may be
said to be; (2) even those chemicals which are strong repellents lose their
repellency as a result of changes in the tolerance of the animal to them.
Whether the changes are physiochemical or behavioral or both cannot be

concluded from the results of this experiment, but the question is, clearly,

of great importance.

-4 -
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Figure 1,

Number of Animals that Died and Survival
Time for the Conditions of the Experiment I.
(From Teichner, Wagnev, and Rowntree, 1966),
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Figure 2, Food Consumption of Final Surviving Rats
on Acti-Dione. (From Teichner, Wagner,
and Rowntree, 1966),
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Repellency is generally tested in ternr of a reduced intake of con-
taminated food or a reduction in attack on a treated material. Most guch
tests are for short duration (from perhaps one hour to 1-2 days). An impli-
cation of Experiment [ concerns the need for teeiing for even r.nuch longer
periods and under conditions when no other food is available. .Another impli-
cation, in terms of our statement, made above, about low-volatility repe-
llents, is that not only'may the protecting repellent be damaged by the attack
of successive animals tasting or biting it, but it may be damaged by succes-

sive attacks from the same animals.

It is likely that contaminated food consumption would not have recovered
if other uncontaminated food had been available either at the same time or at
a different time. From this it follows that the rated repellency of a chemical
agent depends not only on the exposure conditions of the animal to the chemical,
but also on the hunger level, and the availability of consumables other than
that protected by the agent. Thus, a chemiqal may be highly repellent in one
set of circurstances and much less effective in another. The degree of re-
pellency must be stated in terms of the environmental conditions in which it
is used and the state of the animal. All of the food consumptions to be re-
ported were obtained under condi‘ions in which no other food was available
and in which the food presented was available only one time per day. All of
the repellents used in the studies to be reported were selected in terms of
the results of Experiment I or similar preliminary experiments. It should
be noted that our interest was not in any particular chemical, but rather in
using known chemical aversives as a tool with which to study the processes

on which repellency depends.

Although we recognize that volatile substances act upon more than
olfactory receptors, including the taste buds, it is convenient to refer to
the effects of inspiring such substances as "odor' effects and we shall do
this. Similarly, we shall call those immediate effects associated with in-
gestion, 'taste', effects. The problem of determining the relative contri-

butions of these two kinds of effect to repellency is made difficult by their

e




confounding during ingestion. Ideally, it would be desirable to compare
the consumption of contaminated food in the presence of uncontaminated
air with the consumption of uncontaminated food in the presence of
uncontaminated air. Difficulties arise because even in the presence

of trace quantities, it must be assumed, until demonstrated otherwise,
that the animal has both the taste and the odor available during both
conditions. The most favorable assumption that can be made, given
present knowledge, is that in the presence of low air concentrations,
the taste information is so small as to approach being negligible; the
comparable assumption that the odor effect is negligible in the presence
of contaminated food is not reasonable. Thus, logically, the best
comparison that can be made is of the difference between taste plus

odor associated with ingestion and odor alone associated with inspiration.

Even that comparison, were it made, suffers from logical diffi-
culties since it cannot be assumed that the odor intensity associated
with air contamination can be equated to that associated with ingestion.
One or the other could be a stronger effect depending upon the concen-
trations selected and the psychophysical relationship involved. Finally,
a difficulty arises as we have shown, in that the animal does not
approach the consumption of contaminated food in the same way as for
uncontaminated food. This gives a special advantage to comparison

groups which have only the air contaminated.

The solutions to these problems, as we have approached them,

are as follows:

1. The problem of a different approach to eating contaminated food
was attacked by developing measures of repellency which are very highly
correlated with the basic measure of food consumption, but which do not
involve the actual consumption of contaminated food and which can be applied
to both kinds of comparison groups. The fundamental premise was based upon

well-established behavioral relationships which state that the greater the de-

-8-




privation of food (1) the greater will be the strength of a learned response

which leads to food, and (2) the greater will be the amount of food consumed.

2. The problem of unequal odor effects associated with concentrations
of repellent in food and in air was approached by developing a measure of
aversion fcr use with inspired compounds so that air effects can he calibrated,
With such a measure, .comparisons can be made of the odor aversion of

varying concentrations in focd with the odor aversion of air concentrations.

3. Given the above two methods, a factorial experimental design
carried out over a reasonable range of air contamination and of food con-
taminations will indicate the equivalences and differences between different
air and food concentrations on dependent measures of repellency not used in
establishing the independent repellency of each, that is to say the Ingestion

X Inspiration interaction can be estimated.

Experiment II (Teichner, 1966) was performed as an approach to the
development of measures of repellency in addition to that of the amount of
contaminated food consumed. The situation was one in which the rat on a
23,5 hour deprivation schedule was fed wet mash (Purina Chow) for 25
minutes in an individual feeding chamber. Immediately following it was
placed in the starting box of a relatively long straight runway the center
portion of which was tilted upwards at 45 degrees. The goal box of this
runway contained another portion of wet mash to which the animal was al-
lowed access for five minutes. The measures taken were 25-minute food
consumption, running time through the center portion of the runway, and
5-minute food consumption. The animals were trained to stable food con-
sumption and running times before the 25-minute food was contaminated.
The repellent used was TNBAC (see Table 1) mixed into the 25-minute
portion in concentrations which were varied experimentally between 100 ppm
and 400 ppm by weight. The overall results are shown in Figure 3. From
the figure it is clear that both running time and the 5-minute food consump-

tion may serve as measures of repellency.

-9-
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The results of Experiment II represent a large ster trward a legitimate
comparison between the two kinds of conditions described above. Thatis, a
fair comparison may be obtained in terms of either or both running time and
the 5-minute food consumption if a factorial design is used which provides
various levels of contaminated air and food in combination during the 25-min.
period. However, although the comparison can now be made fairly, the in-
terpretation of the results will still not be completely clear. The problem
remaining is that of choosing the air and food contamination levels. Since
somewhat different sensory processes are involved, at least different in
degree of stimulation, djfferent sensory intensity curves are involved, and
since such curves are known not to be linear, any comparison in terms of
a specific concentration could be loaded one way or the other. That is, a
given concentration in food might be an intense aversive experience via taste
(or a weak one) and a wezk (or intense) odor experience. Furthermore, as
the concentration is varied within some limit, it might or might not exceed
a detectable difference in aversion for either sense, Thus, the kind-of
comparison needed must involve the independent scaling of both of the
aversive reactions. Since it was shown that taste aversion can be measured
by contaminated food consumption, a great deal of this research program
was aimed at the question of how to evaluate the odor reaction. Besides its
use in the manner indicated, such a measure has the additional practical
value of also being a measure with which to evaluate the distance repellency

of a volatile substance,

The technique developed relies on the fact that one is dealing with a
respiratory agent and that the most logical selection of phenomena to be
measured should be some aspect of the respiratory system. Respiration,
itself, as a basic defining operation offers some difficult problems since it
can vary with a variety of stimuli other than odors. Suiffing, however, may
be regarded as a special kind of respiratory behavior used by the rat (and
some other animals) as a means for investigating and sampling its environ-

ment. Sniffing is an air sampling mechanism which can be relied upon as

-11-
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a reaction ».sociated with odorants. Drawing upon knowledge of the reac-
tic=z of the sense organs and to soine degree upon intuition, a model or set
of working hypotheses were generated about sniffing as a reaction to chemicals

in air. The model is illustrated in Figure 4.

The ordinate of Figure 4 presents the three possible ways in which
sniffing may be measured, i.e,, the amount of time in a period of time daring
which the animal is sn.iffing as opposed to breathing without sniffing or breath
holding, the number of sniffs in the period of time, and the amplitude (in
arbitrary units) of sniffs which defines a big or small sniff. The situation
assumed starts with a pre-exposure period in which the animal is prcsented
only with clean or normal air. At time =zero, the animal receives the
chemical. At time x, the chemical is removed and a post-exposure period
follows. The curves drawn indicate the hypothesized effects on all measures
of sniffing when the odor is an aversive and when it is an attractant. They il-

lustrate the following hypotheses as listed previously (Teichner, 1966).

1. The rate of sniffing and the amplitude or intensity per sniff should
decrease with stimulation by repellents and increase with stimulation by at-
tractants. The amount of change should be a function of the degree of aver-

gion or attractiveness of the odorant.

2, With continued constant stimulation, sniffing should adapt; that is,
the rate and amplitude of sniffing should return to the baze-line level. The

rate of adaptation should be a function of the attractiveness or aversion

of the odorant.

3. Removal of the odora;nt provides a new stimulus condition and,
therefore, should affect sniffing. Assuming complete adaptation, removal
should be followed by an increase in sniffing regardless of the nature of the
previously presented odorant., However, following removal of an aversive

stimulus, sniffing should be greater and adaptation should be slower than

following removal of an attractant.

-12-
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4. Regardless of whether the stimulus is an attractant or repellent,
sniff rate, time, and amplitude should be inversely related to the concentra-
tion of the odorant in the air. This is based on the assurnption that, for an
air samnling mechanism, the weaker the concentration, the greater must be

the air sample required for a decision.

5. The speed of occurrence of the first sniff following presentation or

removal of an odorant should be greater for aversives than for attractants.

6. The speed of response of the first sniff following presentation or

removal of the odorant should be gelated directly to the previous concen-

tration of the odorant in the air.

Using repellents such as beta-nitrostyrene, tributyltin acetate and
others and a highly attractive liquid food as an attractant source, it was
possible to test some of these hypotheses and to confirm them. Details
are presented elsewhere (Teichner, 1966; Teichner, Price & Nalwalk, 1967).
The general procedure was one in which the animal was placed in a small
chamber, unrestrained, and exposed successively to a flow of clean air, con-
taminated air, and then clear air again. Sniffing was picked up by micro-
phones and recorded as a dc output. For example, Figure 5 (Experiment III)
presents the effects on the per cent change of two sniffing measures during
the contaminated period relative to the origiral baseline and of the second
clear air period relative to the original for 2-Nitro-1 Phenyl-1 Propene
(PNP) as impregnated on burlap at three different concentrations. The ef-
fect of beta-nitrostyrene on the change in rate and amplitude of sniffing during
exposure to the contaminated air (Period 3) and following removal of the con-
tamination(Period 5) is shown in Figure 6 (Experiment IV). Comparable data
for the effects of the liquid diet odor are shown in Figure 7 (Experiment V).

It may be seen that these data are not as clear as those for the aversive, but
of cousiderable importance is the demonstration, at least with sniff rate,
that the effect of an aversive odor (decreased sniff rate) is opposite to that

of an attractant (increased sniff rate).

-14-
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The sniffing results are reasonably clear support for the model
presented in Figure 4, Along with the results obtained in the feeding
chambers and runway (Experiment II), they indicate the feasibility of a
fair test of the relative contributions of odor and taste (i.e., the In-

gestion x Inspiration interaction) to repellency and to attractiveness.
That is:

1. In an individual feeding chamber allow 25 min. for the animal
to eat its daily ration of wet mash.

2. Vary the concentrations of the chemical in the food and in the

air in a factorial experimental design. The air concentrations should

be pre-calibrated or pre-rated in terms of differences in sniff reactions,

3. Immediately upon completion of the 25-min. period, place the
animal in the starting box of the runway. Five seconds later open the
starting box door. Allow five minutes for consumption of wet mash in

the goal box. Determine both food consumption and running time.

The details of food preparation, training and sniff measurement
may be derived from the previously reported studies. The results of
the experiment will provide the interaction between taste and odor. As
part of this, it will indicate the aversion due to odor for given concentra-
tions in food and the aversion due to the chemical in food at given levels
of sniff-calibrated, odorous aversion., The same logic applies to at-

tractants.

A large-scale, demonstration experiment of the sort described
was carried out, but due to suspected unrelia’ 'lities in the data-collec-
tion, the results will not be reported. It can be said, however, that the
experiment is perfectly feasible, although enormously time-consuming.
It suffers also from the administrative necessity for the use of a team
of data-gathers working on a highly coordinated schedule. These dis-

advantages can be tolerated as experimental necessities; they may
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provide serious handicaps to routine testing. Nevertheless, we feel %
that they provide a methodology, to be im;;roved upon, for testing

and for research. In view of this, and of the greater need in the

long run to deal with questions concerning odor repellency and at-

tractiveneas, primary emphasis was turned to studies invelving

sniff reactions. An additional important reason for doing this con- 1
cerned the problem of adaptation and 6f habituation of the animal to

the odor. It was felt that these phenomena would be unavoidable in

the test described as well as in the application of the chemical in

the real world.

In our previously-reported research we have noted that sniffing
tends to decrease as a response to a novel stimulus with repeated
exposure to the stimulus. Supporting findings have also been reported
by Bindra and Spinner (1958). In our case, this phenomenon was
especially marked as a day to day decrease in sniffing in the apparatus
even in uncontaminated air; thus, the baseline agains: which a re-
pellent effect was to be evaluated was being reduced, and since the
effect of the repellent itself is to reduce sniffing, the possibility of
even getting a measure was being threatened by the very process of
getting it, This difficulty was overcome considerably by using hungry
rats even in situations in which food consumption was not involved
since it had been observed that such animals tend to have a higher
basal sniffing rate. In addition, as expected, air containing a familiar
food odor augmented the sniffing response, Even so, a between-day
decrement was generally observed although not of as large a magnitude,
The question arises whether this day-to-day decrement is increased
when the air contains an aversive chemical. If so, the chemical may
be considered continuously effective as an aversive. Experiment VI

was designed to investigate day-to-day habituation with this question

in mind.
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It is conceivable that a chemical odor may be aversive and yet
not act as a repellent if the substance being protected is itself un-
contaminated. This would be indicated if the consumption of uncon-
taminated food were ﬁnaffected when food was nresented in contaminated
air, Experiment VI was set up to consider this problem as well. The
basic experimental approach was also designed to have relevance to

the general testing technique described above.

Experiment VI

Experimental Methods

A flow system was constructed which permitted the mixing of
air channels (see Appendix I for details)., Channel 1 contained chem-
ically pure air, Channel 2 consisted of chemically pure air passed
over food., The food was the animal's normal diet in the form of a
wet mash, The mixture of these two flows wili be called food odor.

A third channel which duplicated Channel 2 contained in addition a
predetermined quantity of tributyltin chloride (TBC) mixed into the wet
mash, A mixture of Channels 1 and 3 made up the TBC or aversive
air conditions. Thus, both air conditions contained the fcod odor. One
contained an additional, known aversive. The concentration of TBC
presented to the animal could be varied by varying its proportion to

the wet mash, or for a constant proportion, by varying the ratio of
Channels 1 and 3 in a mixture of constant volume, or by varying the

temperature of the air holding the chemical.

The air mixture was presented to the animal in a small chamber.
The flow rate through the chamber was 500 cc/min. The chamber,
housed in a sound-dampened enclosure, was instrumented for an audio
pickup which permitted the recording and monitoring of sniffing by

an experimenter in an adjacent room.
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Procedures

The animal was placed into the sniff chamber following 23 hours
of focd deprivation, Dﬁring the first and third 60 seconds of this
period the food odor was presented. The second 60 seconds was a TBC
period. Sniffing was recorded from the 41at to the 120th second.
Immediately following this, the animal was provided a 10-gram
portion of uncontaminated wet mash and allowed 10 minutes to eat.

The air during this 10-minute period was the same as the second 60
seconds of the previous 3-miinute period. Following the 10-minute
feeding period, the animal was returned to ite individual living cage
where it was held until all animals had completed this portion of the
daily treatment. At that time, all animals were placad simultaneously
into individual feeding chambers and given a 25-gram portion of wet
mash for a 30-minute eating period. The air in these feeding chambers

was always odorless; i.e., from a source comparable to Channel 1.

The wet mash was prepared 24 hr, in advance of use, Fo.: use
in Channel 3, TBC was dissolved in methanol and then mixed with
powdered food. This mixture was then placed into a fume hood for
approximately 23 hours, Immediately before use, it was sorted into
desired weighted portions; water was then added to form a thick paste.
The same procedure was followed for all other food preparations
except that TBC was not added except as noted below. After being

presented to the animal, the food was re-dried and then re-weighed.

Prior to the experiment proper two groups of five hooded Long-Evans,

male rats were placed on a two-week 23-hour food deprivation schedule,
but with feeding in their home cages. Following this, they were put
through all of the conditions described except that the air flow con-
tained neither food nor TBC; i.e., training was with clean air, This
training period was 15 days in duration. Food consumptions were

determined, but sniffing was not measured during this period.
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Experimental Design

A summary of the experimental conditions over the 20 test days -
is presented in Table 2, The intent of this design was to permit a
comparison of habituation to TBC plus food odo:r and to food odor alone )
over a large number of days with intermittent changes in the odor
condition introduced at different portions of the series. The latter was '
desired in order to determine the degree to which a recovery from
habituation might occur with changes in the stimulus. As the table
shows, the experiment was designed so that each group could serve

as its own control as well as in comparison to the other group.

The first experimental day contained odorless air. Day 2 was
the first day in which the animals had ever experienced any odor at all in
the flow system. On this day both groups received the food odor alone.
From Day 3-9 Group X received the food odor condition and Group Z E
received the TBC plus food in the concentration conditions noted.
Thus, the first nine days provide the clearest basis for studying
day-to-day habituation and for determining the aversive effect of TBC
as an odor. The designations, 10/90 and 20/80 represent mixtures

of 10 per cent and 20 per cent air from Channel 3 respectively,

Except for days 3-5 and 19 the TBC condition was always a 20/80
ratio, Except for Day 19 the wet mash in Channel 3 always contained
150 ppm of TBC by weight. On Day 19 the mash contained 1000 ppm.
Except for Day 20, the food presented for consumption was never
contaminated. On Day 20 the 10-minute portions contained 1000 ppm;

the 3U-minute portions were uncontaminated.

Results

As will be reported below, the same major trends are obtained

regardless of whether the sniffing measure used is number of sniffs
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TABLE 2

Experimental Conditions for Experiment VI

Days

Group X Group Z Form of TBC contamination
1 No odor No odor None
2 Food odor Food odor None
3-5 Food odor TBC-Food odor 150 ppm in Cnannel 3; 10/90 mix
6-9 Food odor TBC-Food odor 150 ppm in. Channel 3; 20/80 mix
10-12 TBC-Food Food odor 150 ppm in Channel 3; 20/80 mix
odor
13-14 TBC-Food TBC-Food odor 150 ppm in Channel 3; 20/80 mix
odor
15-18 Food odor Food odor None
19 TBC-Food TBC-Food odor 1000 ppm in Channel 3; 20/80 mix
odor
20 Food odor Food odor

1000 ppm in 10-minute food ration

LB




per unit time, amplitude of those sniffs, or the amount or percentage
of time per unit time spent in sniffing. Some experiments are presented,
therefore, in one, and others in another of these measures. A complete :

analysis and justification will be presented in data to be presented later, !

The sniffing results of this experiment are presented in terms of
the mean number of sniffs per second per 20 seconds. The three-minute
sniff measurement phase was divided into seven 20-sec. blocks as
follows: the last 20 seconds of the first minute represents the food odor
or baseline period; the next three 20-second periods represent successive
portions of the test period whether the odor was changed or not; the last
three 20-secord blocks represent a final food odor or recovery period.

We shall describe these in succession simply as the baseline period and
Periods 1 and 2.

Figure 8 presents the mean number of sniffs per second for the
baseline period of each day. In inspecting these data, it should be re-
membered that, except for Day 1, all points represent periods during
which only the food odor was present. Thus, any effect of TBC on these

measures is due to a persistence from previous days.

The data for Days 10, 11, 16, and 17 were lost in a laboratory
accident. Since the primary questions were centered around the results
of Days 1-9, the main purpose of the experiment was not affected. Even
considering the missing data, however, and viewing the overall trends
from Day 2 to Day 20, it is apparent that sniffing decreased more or
less systematically regardless of the experimental treatments and in

spite of temporary recoveries,

The effect of introducing the food odor on Day 2 was a very large
increase in sniffing consistent with what would be expected for an
attractant. The magnitude of the ordinate on this day is of some in-

terest because of its very large value. To some degree, especially
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fov Group Z, this is probably an artifact of the technique of reccrding
and scoring the data. Thq paper speed used was. 2.5 cm/sec. for all
measurements. For very high sniff rates it becomes very difficult at
this chart speed to discriminate individual sniffs; thus, some degree
of estimating is required which is not present at the more customary
lower rates. In addition, extraneous noise associated with movement
of the animal becomes more critical under these conditions. In spite
of this, the results compare very faborably to those of Welker (1964)
who reported sniff rates of up to 11 sniffs per second using cinemato-
graphic methods for rats under conditions which were less conducive
to sniffing than those reported here. It may be noted that our data
fall easily within that upper limit except for Day 2 and on that day a

very high sniff rate is predictable from our earlier hypotheses.

Th= points of Day 3 still represent the same experiences for
both groups since Group Z did not have the TBC until the baseline
period of Day 3 ended. Day 4, therefore, shows the persisting ef-
fect of TBC from Day 3. The effect was clearly an aversive reaction,
i. e., reduced sniffing rate, From this point on, Group Z recovered
relative to Day 4, but not up to its Day 1 and Day 3 levels. At the
same time, it remained consistently below Group X although it had the

higher rate on Days 1, 2, and 3. Thus, while the data suggest some
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sporadic partial recoveries on some days, it is reasonable to con-
clude that there was an incomplete habituation to the TBC oder. In

a looser sense, even in the presence of food odor alone, these animals
sampled the air very cautiously beginning with their first TBC

experience and continuing throughout.

Unlike habituation to an aversive which is indicated by a re-
covery of sniffing, habituation to an attractant is indicated by a re-
duction in sniffing. It is hard to explain what happened to Group X
on Dey 7, but whether this day is considered or not, the pattern of
behavior over Days 2-9 for this group strongly suggests an overall
habituation. It is of considerable interest to note that the decreasing
trend continues right through days in which TBC was presented. On
these days, however,'the rate of sniffing is already low enough so

that demonstration of an aversive effect might be difficult.

Days 18 and 20 were food odor days for both groups. Day 19
represented an increase in the concentration of TBC in the food source
of Channel 3 by a factor of four. The effect, as may be seen, was a
slight increase in sniffing for both groups. This suggests a response

to a novel, but not additionally aversive, easily identified stimulus.

Figure 9 presents a plot comparable to that of Figure 8 excent
that the data are for the first 20 seconds of Period 1. The figure
shows the immediate effect of introducing TBC into the food odor.
That effect for Group Z on Day 3 was not importantly different than
the Day 3 response of the other group. The consistent downward
trend on successive days, however, indicates that the TBC odor

was aversive when it was present.

The response during this period depends upon both adaptation
and habituation to the degree that they are involved. Both are expected

to operate in the same direction so that their effects canrot be separated
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in this experimental period. Regardless, -the figure shows again that
there is a general day-to-day habituation which is independent of unique

daily effects.

Figure 10 presents the first 20-seconds of Period 3 during which
both groups always received the food odor alone (except on Day 1), It
is clear that there are no importantly consistent differences hetween
the groups and, again, that there is an habituation over the experi-
mental days. Of further ‘aterest in comparing this with the last
figure is that from Day 4 on, the sniff rates of this figure are generally
a little greater than in Figure 9. This suggests the recovery effect

hypothesized in Figure 4. It is not a strong effect, however.

The effects of increasir ~ the TBC concentration in the source
on Day 19 is of particular interest and is not well-detailed in the
previous figures. Figure 11 was prepared to lock at this more closely.
The figure shows the sniff rate per 20-second block for Days 18-20,
Both groups had identical treatments on those days, i.e., food odor
on Days 18 and 20; TBC plus food odor onDay 19, The data forDay 18
suggest no differences between the groups. The immediate effect of
TBC onDay 19 was a reduction in the sniff rate for both groups.
Group X recovered for a time during Period 1, but Group Z did not.
Both groups show an increase in sniffing with removal of the TBC,
The effects are small, but generally consistent with expectations.
In fact, these expectations are also seen for Days 18 and 20 so that
they cannot be considered significant for Day 19. What is unique about
Day 19 compared to the other two days is that only on this day were the
two groups separated, We conclude from these figures that the ani-
mals had, by this time, developed a time-bound, conditioned antici-
pation of TBC. The only possible effect of th: increased concentration
was to make the response of Group Z sli-utly stronger. This is not
unreasonable since this group had had the greater number of TBC
exposures over the course of the experiment.
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All things considered,the results obtained from analysis of the
sniffing data suggest: (1) an habituation to food odor from day to day
(Group X using days 1-3 as a reference); {2) a partial habituation to
TBC odor (Group Z compared to Grovp X and to its own initial
reactions to food odor and te TBC); and (3} an overall habituation to

the stimulus situation regardless of intermittent changes in conditions

and temporary reactions to them.

Figure 12 presents the food consumption data. The first t.

days are the days just before the experiment., The 10-minute feeding

period was conducted with either the food odor or TBC while the animal

was eating. There is no evidence &t all that eating was influenced by

either., Nor is there any worthwhile suggestion in the data of a relation-

ship between the previous sniffing and either of the food conrsumptions.
The only positive aspect of these data that we can interpret in a rele-
vant fashion is that when the 10-minute portion was contaminated on
Day 20, food consumption ir: that period was reduced and that this
effect persisted into the 30-minute portion. The relation between the
two on this day is consistent with our earlier results showing that

the less eaten in the contaminated period, the more that is eaten of

the uncontaminated portion.

The reduction in food consumption on Day 20 during the shorter
period is clear, but compared to comparable data reported above, it
is not very large. The concentration used was considered high for
direct food consumption. This result raises interesting questions.

That is, either 1000 ppm is not a large dosage for this compound

or the presence of this compound in the air while eating was so familiar

to the animals by this time that they did not discriminate it as a
highly aversive substance even in food. Some support for the latter is
given by the fact that Group X ate less since this group was less fre-
quently exposed to the TBC and, therefore, would be more likely to

treat it as an aversive.
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In any case, in terms of our original experimental question the

data are clear in showing that a substance which can be shown to have

aversive properties as an odor does not necessarily act as a repellent

to food consumption., Comparing this finding with those of Experiment I

suggests that the critical conditions for an aversive odor to act as an

important repellent to eating is that it be associated with an aversive

taste during the initial exposures.

Experiment VII

This experiment was intended to obtain a variety of kinds of pre-
liminary information for guiding further research. Some of the re-

sults have general value and, therefore, are reported.

One concern of the experiment was with the problem of adaptation

to odor. The basic question was whether animals forced to remain

in an air-contaminated environment adapt to a repellent odor sufficiently

to reduce the effectiveness of that odor as an aversive barrier. This
was studied with the use of a short runway (Appendix I} in which the
odor was presented to the animal in the starting box for prescribed
periods before the animal was released to the runway proper. Two
air streams directed upward from the fioor to exhausts in the ceiling
of the runway just before the goal box contained the same compound in
the same concentration. The goal box contained a small, dry, food
pellet (. 01 gram). Animals maintained on a 23-hour food deprivation

schedule were pretrained to run to this reward.

A problem associated with this kind of experiment is the effect of
delaying the animal in the starting box on running performance. The

animals were pretrained on a variety of starting box delays, therefore,

prior to the test phase.
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A second purpose of the experiment was to evaluate the utility of
a more precise specification of the concentration of repellent in the
air inspired by the rat. An approach to this is by calculation using
the ideal gas law equation, This estimate assumes an equilibrium
state and that, of course, was not the case. Nevertheless, the law

provides a useful approximation and is often used for this purpose.

There are a number of problems associated with this use of the
gas law equation. For one, the vapor pressure must be known and it

has not been specified for most compounds used as repellents,

becomes the air temperature since,for constant pressure, it is the
temperature which will determine the concentration. It is possible
that the animal will react to temperature differences, however, and
since the concentration increases as the temperature increases, the

two variables are perfectly confounded. This approach, then, can be

useful only when the temperature differences are so small that

Another

difficulty is that the actual experimental variable to be manipulated

differential responding to them does not occur or when the experimental

design provides controls which permit the evaluation of the chemical

effect over and above the temperature effect. This experiment was

designed with such controls in mind.

The compound used for this experiment was dibutyltin diacetate
(DBDA)*. Three air temperatures, 24°C. . 30°C. , and 34°C. were
used to vary the concentration, Calculated values of the concentration
are expressed in moles/liter as a function of temperature in Figure 13,

The experimental concentrations, read from the figure, were 6.8 x 107

*
We are indepted to Mr, Robert Ringwood of the M&T Chemical Co.
for the constants used in the calculations: Molecular weight = 351, 02,

Freezing Point = 10°C., 2mm, Boiling Point = 139°C., 5mm. On

this basis the constants, a and B can be determined from:
a/T + B and then used to calculate the values in Figure 13,
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2.8x10 7, and 3.0 x 10.11 moles/liter. - The equivalent values

in parts per billion are 9.4, 30.1, ~nd 50, 2,

Another purpose of the experiment was to investigate the relation-
ships among the three basic measures of sniffing, rate or number
of sniffs per unit time, time or duration of sniffing, (or per:ent fime
spent sniffing), and average peak amplitude in a behaviorally-performing
situation, That is, we already had data from rats enclosed in a small
glass chamber (Experiment IV) in which sniffing was unrelated to a sub-
sequent behavior. Those data suggested that the functions are dif-
fereat. In runways, the animal is confined (in a larger space)
for a delay period and then permitted free running. The relationships
among the measures might differ from those obtained in a more re-
strained situation. If all three measures were to show the same trends,
as suggested by Fig. 4, a considerable economy in data analysis could

be achieved by using dependent measures of convenience.

Fimlly, this experiment was intended as very preliminary to an
exploration of the effects on sniffing and performance of surgical inter-
ference in the olfactory bulbs. A summary of the anatomy of the rat's
olfactory system and of our experience in attempting to interfere with
it is presented later. It may be noted here that attempts to
produce a variety of kinds of lesions in the bulbs of animals prepared
for this experiment yielded seven animals with lesions that could be
reasonably confirmed by later histology. The lesions in all cases
were very small, These animals constituted the experimental group
data of this experiment. Four animals with sham operations made
up the control group. The experiment was performed three months
after surgery when the animals were approximately seven months old.
We emphasize that the experiment was set up to be exploratory in

several ways rather than definitive in any way.
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Procedures

For approximately one month prior to the experimental phase,
all animals were maintained on a 23-hour food deprivation schedule.
Each animal was run five trials per day in the runway with a .01 gram
food revard. Each of the five trials was for a different starting box
delay period, viz: 10, 25, 40, 65, and 80 seconds. The animals werc
run one trial at a time and then returned to their home cages until all
other animals had been run through that trial, They were run in the
same sequence of subjects every day; however, the order of the delay
period was balanced so that each animal started with a different delay
period each day and was followed through a different delay sequence.

The actual order of the delays was randomized initially.

TLe experimental thase was identical to the training phase except
that the starting box air and the air barrier before the goal box were
contaminated with DBDA at flow rates of 500 cc/min. Clean air from
a compressed source was passed over a pure sample of the compound
at temperatures of Z4°C. 5 30°C. , or 34°C. to provide calculated

concentrations of 9.4, 30.1, and 50, 2ppb respectively.

Experimental Design

The experimental design over the 9-day test period following
training is shown in Table 3. The design consisted of three similar
three-day sets, Each set consisted of 2 fresh air or uncontaminated
day followed by two contaminated air days. Each set represented a
different concentration. Over the 9 days the first set of days rep-
resented 30°C.; the second set was at 24°C. which was the smallest
concentration; and the third set was at 340(3. which was the largest
concentration. The experimental design was completed factorially
by a comparison at all conditions of concentration and delay periods

between lesioned and uniesioned animals. Thus, the design was a
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TABLE 3

Experimental Conditions of Experiment VII

Day Condition

1 Clean Air; 30°C

2 DBDA; 30°C, 2.8 X 10-11 m/1; 30.1 ppb
3 DBDA; 30°C, 2.8 X 1011 m/1; 30.1 ppb
4 Clean Air; 24°C

5 DBDA; 24°C; 6.8 X 1612 m/1; 9.4 ppb
6 DBDA; 24°C; 6.8 X 1012 m/1; 9. 4 ppb
7 Clean Air; 34°C

8 DBDA; 34°C; 3.0 X 10”11 m/1; 50. 1 ppb
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2 x 3 x5 factorial of the repeated (correlated) measurements type.
The ordei of the three-day temperature sets was selected in the
hope of minimizing biases that might be associated with an overall
habituation or with an overwhelming persistence in response to the

highest concentration if it had come’ first.

Results

The mean time spent sniffing per second in the starting box for
the various experimental conditions is shown in Figure 14, Day 1
represents the pure effect of delay time unaffected by any experience
with varying chemicals or temperatures. The figure is clear in
showing that after the chemical was introduced on the later days it
eliminated the trend associated with the delay variable on Day 1.
Both groups suggest an increasing and then decreasing function on

Day 1. All other curves are essentially flat.

A comparison of Days 1, 4, and 7, all of which were fresh air
days, does not suggest that sniffing depended importantly upon the air
temperatures involved. On the other hand, all of the data obtained
from Days 4-9 were clearly affected by the experience had on the first
three days. That the effect is at least largely due to the chemical is
suggested by the fact that the temperature on Days 4.6 was the same
as the normal temperature of the starting box in which the animals
had been trained. Yet, the curves are depressed. In any case, the
data do not suggest any adaptation to the conditions due to length of
time of exposure as far as sniffing is concerned, since sniffing did not
recover at the locnger delays. The data suggest that DBDA is very

aversive since all concentrations were very small.

A clearer picture of the general effect may be seen in Figure 15
which shows the same data pooled over delay periods. Here it may

be seen that the control group showed a systematic reduction in time
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Figure 14. Sniffing Time for the Conditions of Experiment VII.
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Figure 15. Sniffing Time Related to Daily Fresh Air (FA) and Contaminated

Air (CA) Exposures. Experiment VII,
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spent srniffing over days, Day 6 is a possible exception. Thus,
the data suggest neither a sensory adaptation, i.e., delay effect, nor
an habituation, i.e., between-days effect. If anything, there is the

suggestion of an increasing, learned aversion over days,

The results obtained with the experimental group are similar
except for Days 4-6.- There it may be seen that these animals tended
to spend more time sniffing on contaminated days than on the fresh
air day. This is consistent with our theoreticai expectations if it is
assumed that the effect of the lesions was to reduce the sensitivity
of the animals so that what was a relatively strong stimulus for the
control group was a relatively weak one for the experimental animals.
That expectation is supported on the other two sets of days where it
may be seen that the experimental animals tended to spend more time

sniffing throughout. The differences, however, are very small,

Figures 16 and 17 present the same kind of plots for the mean
number of sniffs per second. There afe some differences between
those two figures and the previous two as far as details are concerned,
but the overall conclusions about the effects of the experimental con-
ditions are similar. The data of Days 4-6 are clear also in suggesting
a loss of sensitivity of the experimental animals. The results are much

less clear than those obtained with the time measure.

Figures 18 and 19 present similar plots for the mean amplitude
of the sniffs, Although we consider this the least reliable of the three
measures due to problems associated with recording, there is no major
difference in the trends. It is reasonably clear that the two groups did
not differ in any basic terdency toward sniff amplitudes. Again, the
Day 4-6 data suggest a different effect of the weakest concentration on

the two groups; again, they suggest a reduction in ability of the experi-

mental groups to evaluate the stimulus,
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Figure 16. Sniffing Rate for the Conditions of Experiment VII.
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Figure 17. Sniffing Rate Related to Daily Fresh Air (FA) and
Contaminant Air (CA) Exposures, Experiment VII,,
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Figure 18, Sniff Amplitude for the Conditions of Experiment VII,
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Figure 19, Sniff Amplitude Related to Daily Fresh Air (FA) and
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